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1 . This international praliminaty axamination report has been pr^red by this International Prefimiiwy Exeminiog Authority 
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Z. Thia REPORT consists of a total of 4 sheets, inctudinfl this cover sheet 

H This report is also accompanied by ANNEXES, Ue, sheets of the deacriptton, claims and/or drawings which have 
been antended and are the basis for thte repon and/or sheets containing rectifications made before this Authority 
(see Rule 70,1 6 and Section 607 of the Administrative instnjclions under the PCT). 

These annexes con^ of a total of 1 2 sheets. 
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Reasoned statement under Artide 35(2) with regard to novelty, inventive step or industiiat applicab9ity; 
citations and explartatlons suporting such statement 



Certain observatior^s on the International application 
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15/09/2000 


Date of completion of this report 
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Name and mafling addiess of the Intemafional 
preUmlnary examining authority: 
— *^ Suropestfi Patent Office 
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Bueslng.Q C^^^^ 

Telephone NO. +49 89 2399 8356 N^SS^^^ 



Fcmi PCT/lPeA/409 (cover »h«eQ (January 1994) 



?4-ftUG-01 15:51 FROIrHQ^ LEEDS +44 113 230 47ffi 10:5048352070 PftGE: 012^027 

INTERNATIONAL PREUMINARY 

EXAMINATION REPORT International application No. PCT/GBOO/00521 



I. Basis of the report 

1 . With regard to the elements of the (ntemational application (Fteptacemant sheets which have been furnished to 
the recehdng Office in response to an invitation under Artide 14 are referred to In this report as 'originally filed' 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70, 1 7)): 
Description, pages: 

1,9,10,12-17 as originally filed 

2-8,11 as received on 20/03/2001 with letter of 10/03/2001 

Claims, No.: 

10 as originally filed 

1-9,11-33 as received on 20/03/2001 with letter of 19/03/^001 

Drawings, sheets: 

1/5-5/5 as originalty filed 



2. With regard to the language, afl the elements niartced at>ove were available or furnished to this Authority in the 
language In which the international application was filed, unless othenMse indicated under this Item. 

These elements were available or furnished to this Authority in the following teinguage: , which is: 

□ the language of a transiation furnished for the purposes of the international search (under Rule 23- 1 (b)). 

□ the language of publication of the intemationaj application (under Rule 4d.d(b}). 

□ the tenguage of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 arKl/or 55.3), 

3. With regard to any nucleotide and/or amino add sequence disclosed In the intemationai app&cation, the 
international preliminaiy examination was carried out on tiie baste of the sequence fisting: 

□ contained in the Intemationai appflcation In written fbmi. 

□ fSed together with the International application in computer readable form. 

□ furnished subsequently to this Authority In written iom, 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable torn is Identical to the written sequence 
listing has been furnished. 
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4. The amendments have resulted in the cancellation of: 

□ the description. pages: 

□ the claims. Nos.: 

□ the drawings, sheete: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have t>een 

considered to go beyond the disclosure as filed (Rule 70J2(c)): 

(Any replacement sheet containing such amendments must be tefened to under item 1 and annexed to this 
report) 



6. Additional obsen/ations. if necessary: 



V. Reasoned statement under Article 3&(2} wnth regard to novelty, inventive 9tep or Industrial appneabitfty; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: 

No: 

Inventive step (IS) Yes; 

No: 

Industrial applicability (lA) Yes: 

No: 



2. Citations and explanations 
see separate sheet 



VUl. Certain observations on the international application 

The following obsen^atk3ns on the clarHy of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 



Claims 1^9,11-33 
Claims 

Claims 1-9,11-33 
Claims 

Claims 1-9,11-33 
Claims 
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Section V: 

1 . The invention relates to a spinning disc reactor and in particular considers feed 
means for supplying reactantto a rotatable surface. The problem to be solved 
was to provide improved control over the supply of the reactant to a spinning 
surface. This problem has been solved by the provision of an undercut trough into 
which the reactant is supplied and wherein, upon rotation of the surface, an 
annular film Is fornied. Overflow from the film onto the spinning surface results in 
the fonmation of a thin film on the rotating surface, 

2. There Is no prior art that discloses a similar supply of reactant to a rotating 
surface. Consequently, the claimed subject-nrjatler is novel. It is also inventive 
because the ordinarily skilled worker will get no incentive from the available prior 
art documents for designing the reactor as now claimed. 



Section Vlli: 

1 . It is observed that dalm 1 0 is missing In the amended set of claims. Amended 
page 1 9 starts with a half line which is equivalent to the last portion of original 
claim 1 1 . It appears that it was intended to include an amended claim 10 similar to 
original claim 1 1 . 
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Tlxese publicaficms ther^ze disclose -die use of spmoing disc tedxnoiogy for beating 

GB 9903474.6 (IMvdrsit/ of Newsastle), fiom wUcb the prescot q^plication dmms 
5 priority and the disclosure of which i$ hereby incorporated into the present 
application by leference, describes tbe nse of RSORT in the convession of aflmd 
phfise substrate by dynaniioheteiog^eouscoflt&otwitli an agent Tn this application, 
it is described how h has surprisixtgty been found diat sinnning disc technology msy 
be farth^ adqDftod to ^sply process intensificadoQ methods not only within the fictds 
10 of heat end mass tnsosfer but also within the field of heterogeneous contacting. 
Funheimore, it is desaibed how it has suiprismgly been found that the 
product obtained is of higher quality than &at obtamed by conveotiand] {^(^ssing 
having, for example, a hifijier puri^ or, in polymers, a nairc3(wer molecular 
distribution. 



15 



In addition to dds, spinning disc technolc^ can be used to obtain products not 
readily obtdnable by other technology. 



According to the present mvention, there is provided a reactor i^yparatus indnding a 
20 support elenzent adapted to be rotarable about an fix!s« the si^iport clement having a 
sur&ce> &od nseans fbr siqpplying at least one reactant to the snr&ce of the support 
clement imd collector means for collecting product fiom the surfece of tbe support 
clement, chaiacteriGed in that the sur&ce includes an undercut trough into which lbs 
at least one reactant is dirtcfly supplied by the feed means &e reactor apparams 
25 is in use. and in that, upon rotadon of the siq}port elementp "fire at le^ one reactant 
forms a gen^sUy annular film widiin (he at least one undercut trough and passes 
tixerefirom across die sur&ce of the siqsport demed 

it is to be understood that the torn ""reactant^ is not limited to substances which are 
30 intended to xmdecgochendcaircactum on the sur&tQe of ^support 
includes substances vfdueh are inteiuied to undogo p^ 

as mixing or heating. Sioxilady, the tena *'ptx>ducf is hitoided to denote flie 
substance or substance which are colteaed Son) the sur&ce of the siq^^ 
wliecher these have undergone chemical or physical processing or both* In addition, 
35 abhougb it is envisaged tiurtxnostr^ttctants^ be in the liquid pbase» 

the nppamus can be used widi any suit£Me fluid phase reactants and products, 
including combinations of Uquid, solid and gaseous reRctantS end products. For 
ei^mpleiy solid phase substances in snbstHPtially fiee-flowing pardculale form can 
have macroscopic fluid flow propexties. 
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The depth of the txox^ may be selected in eccoriance wilii reaction rtgnircmeiits. 
For exaznplci &r photocbemical reactiojis in wbich UV ligbt is $bone otilo the 
leactant it Is prc&cred for the troogh to be relatively shallow, for example having a 
S depth of the same order of magnitude or ydOm onz order of magnitude as ^ . 
expected thickness of a fihn of xeactant formed across ^ surface of the S]Jppoti 
element when rotadiig St an ai}pxopri^ 

An RSORT apparatus (commonly kno^ as a spinning disc leactor) generally 
10 includes within a converdon chamber a rotating surfioe or an assembly of a plurality 
of fhese \siiuch is rotated about an axis to effect tiaosfer of one or more reactants fiom 
the axis preferably xBdzally acroi^s the rotating snrfice. 

An RSORT fi^paratu$ as hereinbefoie defined comprising a rotating sar&ce as 
15 heieinbefoxc defined has a number of advantageous cotistructiottal features according 
to the pzes^ invention. 

Hie axis of rotation of the rotating surface or support member tnay be substantially 
vertical, in yAkh case gravis temis to poll raactants downward^ ivi th respect to the 
20 smfajce or sq^jport member. This may be advantageous with less viscous readants. 
Altemntivdy, the STcis of rotadon m^y be gen^^sUy horizontal, ^cb can addeve 
improved mixing of reactants provided ^ d^se are q>t^ropriate]y retained on the 
^qr&ce of the si^port member. 

25 Any soitaUc &ed means m^ be provided to &ed &e at least one reactant onto the 
rotating sur&ce. For example, flie feed means may oonqirise a feed distrib^ 
&nn of a **sbower head", a "necklace'' of outlets or a sucple, preferably adjiSEtable, 
smglcpoiiminizoductionsuchasa*1bose-pipetype"*feedmea^ Prcfetably» the feed 
means conipiises a feed distributor havmg a plurality of uniformly spaced cmtlets t<xr 

30 the at least one reactant on to the rotating sor&ce as hereinbeferedefi^ ThafWad 
means may al^ include means for ai^lyitig UV, IR, X-iay» RF, microwave or other 
types of electromfi^;n6dc radiation or energy, indtading magnetic and electric ^dds, 
to the reactants as they aze fed to &e txouajbi* or may inchtde means for applying 
vibration, such as ultrasonic vibration, or h^at 

35 

The feed means ma^ be provide at any suitable poshion with respect to the rotating 
surface which alloxra feed of the reactant. For example, the feed n^ans may be 

3 
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axiaUy aligned wi&lfae rotating sui&ce&raxislf^ Altenifith^^ the feed mcazis 
may be positioned such diat die feed is spaced bom ^ axis of tlie xntatictg sur&ce. 
Such a posMra may lead to mote tucbdence aod an en^^ 

5 In otke embodiTuent, feed means may comprise a sizsgje feed to the trough which is 
preferably situated oo or co^axial widi tbc axis of xotation of the rotating sutf;^. In 
dus embodiment, leactant flows &xm the feed outlet into the trough and is 
subsequently ^xread out of the tren^ on to the lotatiqg snr&ce by centdfligal force. 
In a prefezred mbodimeixt, the totadng element as heidnbefore defined comprises a 
10 trough situated on the a)ds of lotatim. 

llie trough as hereinbefoxe defined may be of any suitable shape such as conlimaous 
or annular. For example it hftve a continuous concave sutfiu>c coo^rising part 
of a sphere, sudi as a hemi^herical stzr&ur, Qi it niii^ ha^ 

15 thetotating sor&ce by at least one conneetioa ^vall or at least two, in ^e case where 
the trou^ is annular. The inner sur&oe and connecdon wall may be of ai^ fbnn 
wMch allows the fimction of a trough to be fulfilled. For examixle the inner surfiioe 
may be parallel to the rotadng sutface or concave or convex. Hie connection vfOl 
may conq>dse a single chcular or ovoid wall or a phnality of straight walls, Tlie 

20 walls inccydNcisc or converge to wanls die Totati^ 

Preferably, a single circular wall is provided wiuch converges towards the rotating 
sur&ce to form an undercut trough, lliis shape geaieratea a reservoir ^nUcli enhances 
a circumferential distnbutian of the resctant flow. Altooative means for foiming an 

25 undercut trough are also envisaged For acanQ>le, where tl^ tro^ is g^serally 
annular in sh^ anootear wail may bs provided as above, and an iimer wall having 
any suitable shape may serve to doSm an inner edge to the trougli. The undercut 
portion of die trough should generally be provided as an outor wall so as to help 
prevent mK^ontroUed egreas of reactant fiom the trough to the sor&ce under the 

30 influence of oenoi&gal force asthe siq)pott etemeot is rotated. 

Advazftageously, a tsatrbc may be provided in the tcoug^ so as to hdlp leactant 
present iq the trough to rotate with die st^jpott elemeotp dicieby helping to achieve 
substantially unfform flow fiDom the tron^ across the sur&ce. Tbe xnatrix inay be in 
the form of a plug of fibrous mesh^ such as metal or {totics wool, or may take the 
35 ibirn of aplurality of projections \^ch are secured to an isntr sur^cce of the trou^ 
Other matrix means will be qsparent to dieted reader. In some 
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einbodimezxtSp the matrix is manu&cturpd of a material is inert 'with respect to 
the St least one xeactant or die predict and which is not sigmficant^ affected hy 
temperature and other variable process condhioAa. Ahematfvdb^, Ibc maltix may be 
made of a oiatBxial which does tntesroct widi the at least one reactaitt or tiie prodoct. 
S such as a heterogeneous catalyst (e^ nickel, palladium or platiimm or eaj suitable 
metal or alloy or compoimd thereof). Where the matrix is nuKfeont of an electrically 
conductive m f'^^''^ it msy be possible to siqiply an electric cuirent thetethrou^ and 
thus to pn)vide heating means for heatiz^ the at least one reactantwit^ 

10 in a further ecnbodiment. there may be provided a pittrality of feeds ad£q;;tod 
selec^vdy to supply one or more leactants to a plin^lity of Mug^ fonned in the 
sot&ce. For example, where flie support demejtt is generally disolike and has a 
snt^anttally central axis of lotation, ti^ may be provided a first central trough 
centred on tfaa axis orrotation and feed means ibr sm^lying at lea^ one reactaitf to 

IS the fust trough, and at least one fuzfher troo^ preferably also centred on the asds of 
rotation and having an annular configuration, the at least one fhrtber trough b^g 
provided with feed means for stq>plying a Accood reactanii yAdch may be the same as 
or di^r^t from the fkst reactant» to ^e at Lease one fizrtfaer trough. It will be 
apparent to the skilled reader that a pktraliiy of trou^ may be provided in a similar 

20 manner on support eleoients with sfai^S other than gezieraO^ 

By providing a phualhy of troughs and fiseds, a sequence of reactioas can be 
perfbnnedacioss the suificeofthesiqTport dement For example, two reactants nmy 
be suppUed to the iSrst trough in which some niixing and rea^tonwffl As 

25 fte si^sport dement rotates, the leactants wiH spr^ fiom the first troue^ to the 
sur&ce of the support element, vihex further reaction and mftring takes place, £tnd 
thence into a second anndar trough concentric with the first trough A third rcactanl 
may then be supplied to the second trough, and fUrther mixing and reaction will take 
place as flie tiiird reactant and the two hntid zeactants and ai^ as90dated product are 

30 spread from ttie second ttoti^ cmto the surfice of the sfqiport dement &r furiho' 
mixing and traction. Because the ditection of travel of the reactant and producls is 
outwards fit»n the axis of rotation, a controlled series of reactions can be carried out 
across the aur&ce of the support member- 

35 In some embodiments, one of the raactants inay be a liquid phase cOTqxment and 
another may be a gaseous phase cotaponsoL In fiieae embodiment, the rotating 
si^grt memb^ is advantageously contained within a vessd so as to allow die 

5 
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eoxsceotration of tlie gBseous phase co^^70Ilent in the vicmitj^ of the 5urfi^ to be 
controlled The liqmd coiiqK)ncnt n^)^ be &d to tbe sni&c^ 
shove, and the gaseois component supplied to the vessel. A rotaiy impeller c»:&n or 
similar device may be mounted close to t!b& rotating sur&ce and dnven so as to suck 
S tbB gaseous phase component fiom a rtgion 3ucraafldit^ (ha penpbexy of the rotating 
surface towards the centre of the rotsting sut&ce while the liquid phase component 
travels &om the centzv of the sur&ce towards its periphety doe to die rotation of the 
rotating snrfaca Where, for example, the support element is a disc> the impeller or 
fan msy take Ifae form of a generally disc shaped structure mounted coaxiaUy widi the 

10 support element and close thereto. A sur&ce of the impeller or fan &cisg the 
rofatitig surface of the support element msy be provided widi blades or vanca sudi 
that rotation of the hsa^er or fan serves to 5Uck the gaseous idiase oompooicflt fi» 
a peripheiy of the sur&ce aod the iiii|:eller or fan towards the centre of the surface. 
By providing a counter-ciirrent flow of tiie gaseous and liquid phase components, 

15 heat or mass transfer between the components is mnch improved, since the 
concentration of unreacfedHquidtjhase reacts^ lowest at the periphety of the disc, 
and thcirfoie benefits &c»n a high concentration of ^ gaseous phase component so 
as to ensure full reaction, 

20 Any suxlable collection means n^y be provided for collection of the product as it 
leaves &e rotating snt&ce at its pertfdieiy. For example, dtete be provided a 
receptacle in &e form of a bowl or trough at feast partially surrounding the rotating 
element or other fixed part of the ^paratu& The collection means nsay addhlonally 
compri^ a deflector positioned atound the peripheiy of the rotating sm&oe io deflect 

25 product into the collecd<»] means, the defector is p^fershiypositicmed at an acute 
aAglc to the rotating aurface. 

The components of the collection means, such as ttie bowl or tron^ or deflector, 
TQffy be coat&d or otherwise provided with a hetexogeneoiis calaly^iQ^^ 

30 reaetants being reacted on the support element, or may even consist ^rtixdy of a 
material which acts as a heterogeneous catalyst F u rt h snnofc^ the compofleots of the 
collection means may be heated or cooled to a |ffedetenmncd temperature so as to 
enable control over reaction param^ers, for exan^le fay serving to halt the reaction 
between leactants as these leave fte suifkce in die fomi Feed means for 

35 supplying a reactant to the product leaving die suz^ce may also be provided. For 
example, there mgy be provided feed means for feednxg a quenching mecSum to 
product in the collection means so as to halt di^cal or other rcaction^i between 
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reactajils i^^ii^i these have left the 



The coUeotion means may further coxflpiise OTitlet of any soitaUe fona For 
€X£axiple, ibm msy be a single collection txoD^ runoiog around the pcriphezy of the 
5 disc or a collectron bowl partially suxrouading the totatntg deax&Dt 

Outlet means may also be provided in the collection means a&d these may take iho 
form of £f)crtiires of any size and fozm situated at any snitahle position of the 
collection means to allow egress of the product In one preferred CTxhodfrnant, the 
10 outlet means are situated to allow vertical egie^oftbe substrate ill 

Ahetnatively, Ac coOectioa ms&ns may comprise an outer wall provided at ^ 
periphety of the support dement so as to prevent product frwn bdng toown ftom flic 
SEuzfaca, and at least one pitot tube which extends into the product which Is restrained 
15 at the periphery of the suj^rt clement hy the outer walL The outo* wall m^ 
converse generally towards the oxis of rotation of the siqjport member so as better' to 
retain product while the siqjport dement is m^eisoing rotatian, ahhougfa otfaer wall 
configurations, such as gwerally parallel to or divergOTt front -fiie d?ds of rotation 
m^ also be useful 

20 

Bnbodhnents of the present i&venti<mmay include nxultipie support elements, whicb 
may sfaair a common axis of rotation and vMdi may be mounted m a single 
rotstable shafU or which msy be provided with individual lOtatable shafts. The 
collection means associated with any given support element may be connected to die 

25 ieed means associa^ widi any other given support element so as to link a mnnbex of 
support elementa in series or parallel hi fiiis way» a reaction may he conducted 
across a number of suppon el^nents b sedes or parallel The coUecdon means of a 
first support member may be ditectly connected to the feed means of a second 
support member, or may be ctmnected by way of a processing unit socfa as a pump^ 

30 extruder, heaiet or heat exchanger (tfat^oihcT^ptoptialedevi^ This is especially 
useful whan dealing with viscous jnoducfs, such as those which axe obtained in 
polymedsatzon reacdons, since tbc viscous product of a first siqiport dfimeiit may be 
processed so as to aoqmre more {avourstble physical chazactaristics befbie being used 
as the reactant feed for a second support elemenL 

35 

For escatnple, wiiara tiie collection means composes an outer wall on the surface of 
the sigiport element as deseiibed above, a number of siq^port elements may be 

7 
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coaxially idounted oil a single nnatable shaft $a as to form a stadc of Psppoxt 
elcmrats. A reactant fsed is led to &c ttou^ of a first support dement^ and a 
coJtector in ibt foon of a pitot tube has its tip locaied near the mhcc of the first 
suppoit eldmeat in tiie vichnty of i3» ^vbU so as to take iip product fiom fhis t^ioxL 
5 An end of the phot tnbe remote fiom the tip is led to the troui^ of a sectmd sui^rt 
c^mem $0 as to allow the prc>duct of fBe fir^ $iqq>ort 

for the second support dement, thereby allowing a naznber of reactions to take place 
in series. Alternatively, a number of parallel feeds xsasy supply the same at (east one 
reactatit simshaneonafy to the troughs of a numb^ of sq^port dements and a number 
10 of paialld intot tube collectors msy gatfa^ product fit>m a pei^hexal legJon of eacb 
support elemcQt^ thereby allo^ving a reaction to take plac^ across a nconber qf si^piport 
dements in parallel 

it is also envisaged ttetf pax}duct collected fiom the pet^yhezy of a siqrpott d^rat 
15 msj be recycled as feed for that wsppcat dement This is usefii] ibr processes 
requiring an extended contact time ibr die reactants. The product may be fiiUy or 
only partially tecyded, depending on requirments. 

Sefesnence herein to a rotating 5ur£tce is to Bosf continuous or discrete planar or three 
20 dimensiond soifece or assexnbly tvhich rebates approximately or truly d)out an axis, 
and preferably is reference to an app roximflte or true rotating sut&ce of levoludon. 
An appro)dmate lotatbig sur&ce of revolution may oomptise an asymmeHic astis 
and/or deviation in the sur&ce body and/or cncomference (seating an asddly or 
radialb^ undulating surfece of revoludon. A discrete sor&cc be in the ^nm of a 
25 meshv grid, corniced Surface and the like. 

Re&rtnce baxein to a substantially radially outward flowing film as beicbibeforc 
defined is to ai^ fluid film ^^Eiidi may be created by dynamic contact of the fluid 
phase reactant and tiu nstating surfboe as hereitibefi)te defined, suitably the fluid 
30 phase reactaizt ia contacted widi ih^ restating sur&se at any one or more sor&ce 
locations and caused to flow outwardly by the action of centzifi^ fince. A film 
may be a condmtous acnnlus or may be a noo'CQntinuous arc at $sty radid location. 
The substrata may pro^de a plurality of fUms in dynamio contact with a rotsdng 
sur&ce as herdntefcre defined. 

35 

For (^can^le proce^es requiring extended contact time may be carried out in 
continuous manner wiA use of a recycle of fluid esoting ai the periphery of die 

8 
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siq^plied toare^onivithmtEeimifim^ U^pon 
rotation of the support elements, the leactant vnU tend to move along aa intesck? 
sur&oe of the ctiveigeflt wall towrards a tegfon within the next wall on this opposed 
support element, and thence onto an interior sur&co of the said next wall bade 
S towards the first siqTport element The reactant may contisne to move back and fbftb 
between the siq^port members so aa tn ptogress in a zig-za^ manner in a genezaUy 
ladial direction aw ^xna the a^ds of totation along the interior 5Ux£ioes of the 
intenncshed walls towards as outer cdlectian point 83 described above; hl^tis ^v^, 
a compact reactor with a hi^ sm&ce area is achievec^ the sur&ce conaisting of d)e. 
10 interior snziaces of all the concentric walls. The support eleoients rasiy rotate 
together in a g^rven dxrectioa, or may lotate at different speoda in tbc sama dir«ciion, 
crmaynriataatfiie saoxe speed or aldififotsit speeds in opposed <firectiona* 

A rotating snr&ce of any diape and sui&ce &rma£ion as herdnbcfbre deftned may be 
15 provided witii sorfecc fealures which serve to promote tl» desired process. For 
example, the sur&ce may be micro or macro profiled, micro or macro porous, mm 
sdck, for axan^le may have a release coatings may be condnnous or discmithiuoas 
and comprise elements »ich as mesh, for exan^e woven meafa, redculata foam, 
pellets, cloth, pins or wires^ &t enhanced sor&ce area, enhanced or reduced fiictioo 
20 efiGsct, enhanced or reduced lammar flow, shear mhdng of rechculadm flow in axial 
direction and the like. 

In one pxSetred embodiment, mixing characteristics of the rotating sur&ce are 
enhanced by the above features or the like provided on or in the lotatixsg sur&ce. 
25 These may be provided hi any suitable regular or random arxangmnt of grids, 
concenftric rings, spider web or like pattens vdnch may be suitable fix a given 
^ipK cation, 

Ahemadvdy or addrtionally to ai^ other surface feature, radially spaced pins in the 
30 fotm of circles or aegnenls of dicles may be provided 

In another {vefazed embocfiment, a porous sor&ce coating is provided, which ai(b 
pmcesshig of certain leactants. Such a ctteting may be provided in COTiMnariog with 
any other of the aforementioned suij&ce features. 

35 

Sur&ce feature in the fonn of grooves may be concentric or may be of my desired 

11 
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CLAIMS: 

1. A (factor appmXDS inclnding a st5Tpoit clranent (3) adapted to bo rtrtatable 
about an axis (6), Hie soppon ctcancnt (3) laving a sarfeoc (5), feed wwans (4) for 

5 supplying at least one icactam (IS) to the sur^ 

coUcrtor means for coDccting product (19) fiom the surface (5) of the support 
element (3)i chaiact^sed in that the suz&ce (5) includ e s an nsdcrcut trou^ (13,14) 
into y/bidx the at least cmc reactant (15) is directly supplied by the feed means (4) 
v/hen the leactof qspatatus is In use, and in tiiat» upon rotation of die support element 

10 (3), flje at least one reactant (15) forms a genendJy annular film (16) 'widan the at 
least one undercut trough (13,14) and passes ^fccrefiom across the scrfeoe (5) of die 
siq)port dement (3). 

2. A reactor as danned in claim 1, Viihfftein the axis (6) is substantially parallel 
15 to a dfaection of action of tccrestrlaJ gravity, 

3. A reactor as claimed in daim^ 1 » v^b^xdn Ute axis (6) is inclined witb respect 
to a direction of^on of tenrestriaJ graviiy. 

20 4, A reactor as claimed in daim 1 or 3^ wherda the a3ds (6) is subetentially 
perpen£cular to a direction of action of terrestrial gra^oiy. 



25 



5, A reactor as cfdmed in any preceding claim, vfeadn the troog^i 03,14) is 
centrally located in the region of the axis (6). 

6, A reactor as claimed in at]y preceding claim, wherein the txo is in 
the fbxm of an amnxlus. 



7. A zeactof as claimed in any preceding deim. iwherein the tiofog^ (13,14) is 
30 centred about the ascis (6). 

3. Areactor as claimed in any (me of claims 1 to €, wherein the trou^ (13,14) is 
sot centxed on die axis. 

35 9. A reactor Bs claimed in ai^ poceccdiflg daim, "wh^^ 
(13,14} is provided in the sur^ (5). 

18 
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with it a feed nicana (4). 

II. A leactoT as claimed in my precediog claim, wher^ the trou^ (13»14) is 
prtyvidcd with a xnahix wUdi serves to asast teactata (15) in the froag^ 03.14) to 
S rotate with the support demcjxt (3) \i^KD Ibis is lot^^ 

12* A teacto as claimed in claim 1I» wherein the matrix comprises a f!brous 
mesh. 

10 13. A reactor as claimed in claim 12« wfaerdn the fibrous mes^h is made of a 
metallic matenaL 

14. A reactor as daimed in claim 12 or 13^ vv4iertin the fibrous mesh inchrdes a 
catalytic material 

15 

15. A reactor as claimed in way preceding claim, wbcieui ihB colkccor means 
includes a rece{ytade 07) in &e form of a bowl or trou^ at least pardaDy sorzonnding 
the su{>poil element (3). 

20 16. A reactor as claimed in any preceding claim, wfaexcin the collector means 
includes a deflector positioEned about a periphery of tiie support el^ncnt 0\ against 
whidi product (19) is thrown firam an edge regioaof the surfece (5) when the si?jport 
element (3) is rotating at an appropriate speed. 

2S 17. A reactor as claimed in any preceding claim, ^v^ierein the ooUector means is 
coated or otherwise pzovided with a catalytic matenaL 

18, A reactor as claimed in any preceding claim, wbisein the collector means 
includes rneans fbr heatii^ or cooltt^ prodoct (19) in the collector means to a 

30 predetermined temperatoie, 

19. A reactor as daimed in any preceding claim, wlierain the collector means is 
provided wiHi feed means for addit^ areactant to produa (19) collected therein. 

35 20. A reactor as claimed in any Receding claim* wberdn the coIlcctDr means 
comptises a wall (IS) disposed on a per^ihety of Ae support element (3) and 
ejrtending from ttic surfece (5). 

19 
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21. A icactor «3 claimed in claim 20, whetein the collector means fiutbcr 
comfsises a intot tiAe (20) Which extends 

Wall ( 1 S) and which serves to nanovc product ( 1 9) fiom Ihis region when the support 
S ciemeat (3) !3 rotated 

22. A reactor as clanncd in any pteeedkg ckim« Tvfaezcin &e collector means is 
ads^ed at least partiaUy to tecyde collected product (19) to the trough (13,14) as 
feedreactemt. 

10 

22. A reactor as claimed in any preoedmg dahn« v^er^n the trough (13»14) is 
coated ofheni^se provided with a catalytic mate^ 

24. A reactor as claimed in any preceding claim, including a plurality of 9t^3fport 
15 elements (3)- 

25. A reactor as claimed in dami 24, \vhfiidi! the plurality of si^iport eilemcnts 
(3) is mounted on asin^e axis of rotation (6). 

2Q 26. A reactor as ctaxmed in claim 24, whorein the phirali^ of siqsport clemente 

(3) is mounted onaphnalitycf axes of rotation (6). 

27« A reactor as cldmed in any of claims 24 to 26, T?vhercin product (19) 
collected irom a first s^^jport member (3) is used as &ed for a second support 
25 member (3). 

2S. A reactor as claimed in any one of claims 24 to 26, wherein feed means (4) 
connected in paraUel are used to supply reactaut (IS) to each support eienn^ (3) and 
hi vAndb collector means (20) conncctBd In paraliel are used to collect product (19) 
30 fiom each support dement (3). 

29. Areactor as claimed in dahn 27, ^vhelexn apxocessing unit (22) is provided 
between the collector means (21) ofthe first siqq)ortmmifaer (3) and the £bed means 

(4) of the second support member (3), 

35 

30. A reactor as churned in claim 29, vdieretn the processing unit (22) is apump* 
an extruder, a heater or a heat exdianger. 

20 
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31. A leactor as claimed in aoy preceding daim, livbordn the feed means (4) 
includes means for flying electromagnedc xa£a&cm or eoergy to the remant (15), 

5 3Z A Ttador as claimed in any preceding ciaixUt Axrtber including means far 
applying vibration to the support member (3). 

33. A refictor daimed in any precedk^ daim, wberem fh^e is forther provided 
a lotaiy Impellcx or &n (70) mounted dose to the sox&ce (5) and operable to gmmUte 
10 a gaseous jflow from a periphery of the sarfece (5) towanis a centt«I legion theteof* 
tills flow being couzxto-^nrient to a flow of xeactant (IS) <m the sur&ce (5)^ 



21 
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These publications therefore disclose the use of spinning disc technology for heating 
and mass transfer in inert and reactive systems. 

GB 9903474.6 (University of Newcastle), from which the present application claims 
5 priority and the disclosure of which is hereby incorporated into the present 
application by reference, describes the use of RSORT in the conversion of a fluid 
phase substrate by dynamic heterogeneous contact with an agent. In this application, 
it is described how it has surprisingly been found that spinning disc technology may 
be further adapted to apply process intensification methods not only within the fields 
10 of heat and mass transfer but also within the field of heterogeneous contacting. 
Furthermore, it is described how it has surprisingly been found that the quality of the 
product obtained is of higher quality than that obtained by conventional processing 
having, for example, a higher purity or, in polymers, a narrower molecular 
distribution. 

15 

In addition to this, spinning disc technology can be used to obtain products not 
readily obtainable by other technology. 

According to the present invention, there is provided a reactor apparatus including a 
20 support element adapted to be rotatable about an axis, the support element having 
generally opposed first and second surfaces, feed means for supplying at least one 
reactant to the first surface of the support element and collector means for collecting 
product from the first surface of the support element, characterised in that the first 
surface includes a trough into which the at least one reactant is supplied by the feed 
25 means. 

It is to be understood that the term "reactant" is not limited to substances which are 
intended to undergo chemical reaction on the surface of the support element, but also 
includes substances which are intended to undergo physical or other processes such 

30 as mixing or heating. Similarly, the term "product" is intended to denote the 
substance or substances which are collected from the first surface of the support 
element, whether these have undergone chemical or physical processing or both. In 
addition, although it is envisaged that most reactants and products will be in the 
liquid phase, the apparatus can be used with any suitable fluid phase reactants and 

35 products, including combinations of liquid, solid and gaseous reactants and products. 
For example, solid phase substances in substantially free-flowing particulate form 
can have macroscopic fluid flow properties. 

2 
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The depth of the trough may be selected in accordance with reaction requirements. 
For example, for photochemical reactions in which UV light is shone onto the 
reactant, it is preferred for the trough to be relatively shallow, for example having a 
5 depth of the same order of magnitude or within one order of magnitude as the 
expected thickness of a film of reactant formed across the first surface of the support 
element when rotating at an appropriate speed. 

An RSORT apparatus (commonly known as a spinning disc reactor) generally 
1 0 includes within a conversion chamber a rotating surface or an assembly of a plurality 
of these which is rotated about an axis to effect transfer of one or more reactants from 
the axis preferably radially across the rotating surface. 

An RSORT apparatus as hereinbefore defined comprising a rotating surface as 
15 hereinbefore defined has a number of advantageous constructional features according 
to the present invention. 

The axis of rotation of the rotating surface or support member may be substantially 
vertical, in which case gravity tends to pull reactants downwardly with respect to the 
20 surface or support member. This may be advantageous with less viscous reactants. 
Alternatively, the axis of rotation may be generally horizontal, which can achieve 
improved mixing of reactants provided that these are appropriately retained on the 
first surface of the support member. 

25 Any suitable feed means may be provided to feed the at least one reactant onto the 
rotating surface. For example, the feed means may comprise a feed distributor in the 
form of a "shower head", a "necklace" of outlets or a simple, preferably adjustable, 
single point introduction such as a "hose-pipe type" feed means. Preferably, the feed 
means comprises a feed distributor having a plurality of uniformly spaced outlets for 

30 the at least one reactant on to the rotating surface as hereinbefore defined. The feed 
means may also include means for applying UV, IR, X-ray, RF, microwave or other 
types of electromagnetic radiation or energy, including magnetic and electric fields, 
to the reactants as they are fed to the trough, or may include means for applying 
vibration, such as ultrasonic vibration, or heat. 

35 

The feed means may be provided at any suitable position with respect to the rotating 
surface which allows feed of the reactant. For example, the feed means may be 

3 
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axially aligned with the rotating surface for axial feed. Alternatively, the feed means 
may be positioned such that the feed is spaced from the axis of the rotating surface. 
Such a position may lead to more turbulence and an enhanced mixing effect. 



5 In one embodiment, feed means may comprise a single feed to the trough which is 
preferably situated on or co-axial with the axis of rotation of the rotating surface. In 
this embodiment, reactant flows form the feed outlet into the trough and is 
subsequently spread out of the trough on to the rotating surface by centrifugal force. 
In a preferred embodiment, the rotating element as hereinbefore defined comprises a 
10 trough situated on the axis of rotation. 

The trough as hereinbefore defined may be of any suitable shape such as continuous 
or annular. For example it may have a continuous concave surface comprising part 
of a sphere, such as a hemispherical surface, or it may have an inner surface joined to 

15 the rotating surface by at least one connection wall or at least two, in the case where 
the trough is annular. The inner surface and connection wall may be of any form 
which allows the function of a trough to be fulfilled. For example the inner surface 
may be parallel to the rotating surface or concave or convex. The connection wall 
may comprise a single circular or ovoid wall or a plurality of straight walls. The 

20 walls may diverge or converge towards the rotating surface. 

Preferably, a single circular wall is provided which converges towards the rotating 
surface to form an undercut trough. This shape generates a reservoir which enhances 
a circumferential distribution of the reactant flow. Alternative means for forming an 

25 undercut trough are also envisaged. For example, where the trough is generally 
annular in shape, an outer wall may be provided as above, and an inner wall having 
any suitable shape may serve to define an inner edge to the trough. The undercut 
portion of the trough should generally be provided as an outer wall so as to help 
prevent uncontrolled egress of reactant from the trough to the first surface under the 

30 influence of centrifugal force as the support element is rotated. 

Advantageously, a matrix may be provided in the trough so as to help reactant 
present in the trough to rotate with the support element, thereby helping to achieve 
substantially uniform flow from the trough across the first surface. The matrix may 
be in the form of a plug of fibrous mesh, such as metal or plastics wool, or may take 
35 the form of a plurality of projections which are secured to an irmer surface of the 
trough. Other matrix means will be apparent to the skilled reader. In some 
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concentration of the gaseous phase component in the vicinity of the surface to be 
controlled. The liquid component may be fed to the surface of the disc as described 
above, and the gaseous component supplied to the vessel. A rotary impeller or fan or 
similar device may be mounted close to the rotating surface and driven so as to suck 
5 the gaseous phase component firom a region surrounding the periphery of the rotating 
surface towards the centre of the rotating surface while the liquid phase component 
travels from the centre of the surface towards its periphery due to the rotation of the 
rotating surface. Where, for example, the support element is a disc, the impeller or 
fan may take the form of a generally disc shaped structure mounted coaxially with the 

10 support element and close thereto. A surface of the impeller or fan facing the 
rotating surface of the support element may be provided with blades or vanes such 
that rotation of the impeller or fan serves to suck the gaseous phase component from 
a periphery of the surface and the impeller or fan towards the centre of the surface. 
By providing a counter-current flow of the gaseous and liquid phase components, 

15 heat or mass transfer between the components is much improved, since the 
concentration of unreacted liquid phase reactant is lowest at the periphery of the disc; 
and therefore benefits from a high concentration of the gaseous phase component so 
as to ensure full reaction. 

20 Any suitable collection means may be provided for collection of the product as it 
leaves the rotating surface at its periphery. For example, there may be provided a 
receptacle in the form of a bowl or trough at least partially surrounding the rotating, 
element or other fixed part of the apparatus. The collection means may additionally 
comprise a deflector positioned around the periphery of the rotating surface to deflect 

25 product into the collection means. The deflector is preferably positioned at an acute 
angle to the rotating surface. 

The components of the collection means, such as the bowl or trough or deflector, 
may be coated or otherwise provided with a heterogeneous catalyst appropriate to the 

30 reactants being reacted on the support element, or may even consist entirely of a 
material which acts as a heterogeneous catalyst. Furthermore, the components of the 
collection means may be heated or cooled to a predetermined temperature so as to 
enable control over reaction parameters, for example by serving to halt the reaction 
between reactants as these leave the first surface in the form of product. Feed means 

35 for supplying a reactant to the product leaving the first surface may also be provided. 
For example, there may be provided feed means for feeding a quenching medium to 
product in the collection means so as to halt chemical or other reactions between 

6 
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reactants when these have left the first surface. 

The collection means may further comprise outlet means of any suitable form. For 
example, there may be a single collection trough running around the periphery of the 
5 disc or a collection bowl partially surrounding the rotating element. 

Outlet means may also be provided in the collection means and these may take the 
form of apertures of any size and form situated at any suitable position of the 
collection means to allow egress of the product. In one preferred embodiment, the 
10 outlet means are situated to allow vertical egress of the substrate in use. 

Alternatively, the collection means may comprise an outer wall provided at the 
periphery of the support element so as to prevent product from being thrown from the 
first surface, and at least one pitot tube which extends into the product which is 
15 restrained at the periphery of the support element by the outer wall. The outer wall 
may converge generally towards the axis of rotation of the support member so as 
better to retain product while the support element is imdergoing rotation, although 
other wall configurations, such as generally parallel to or divergent from the axis of 
rotation may also be useful. 

20 

Embodiments of the present invention may include multiple support elements, which 
may share a common axis of rotation and which may be mounted on a single 
rotatable shaft, or which may be provided with individual rotatable shafts. The 
collection means associated with any given support element may be connected to the 

25 feed means associated with any other given support element so as to link a nximber of 
support elements in series or parallel, hi this way, a reaction may be conducted 
across a nimiber of support elements in series or parallel. The collection means of a 
first support member may be directly connected to the feed means of a second 
support member, or may be connected by way of a processing unit such as a pump, 

30 extruder, heater or heat exchanger or any other appropriate device. This is especially 
useful when dealing with viscous products, such as those which are obtained in 
polymerisation reactions, since the viscous product of a first support element may be 
processed so as to acquire more favourable physical characteristics before being used 
as the reactant feed for a second support element. 

35 

For example, where the collection means comprises an outer wall on the first surface 
of the support element as described above, a number of support elements may be 

7 
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coaxially mounted on a single rotatable shaft so as to form a stack of support 
elements. A reactant feed is led to the trough of a first support element, and a 
collector in the form of a pitot tube has its tip located near the first surface of the first 
support element in the vicinity of the wall so as to take up product fi-om this region. 
5 An end of the pitot tube remote firom the tip is led to the trough of a second support 
element so as to allow the product of the first support element to serve as the reactant 
for the second support element, thereby allowing a number of reactions to take place 
in series. Alternatively, a number of parallel feeds may supply the same at least one 
reactant simultaneously to the troughs of a number of support elements and a number 
10 of parallel pitot tube collectors may gather product fi-om a peripheral region of each 
support element, thereby allowing a reaction to take place across a number of support 
elements in parallel. 

It is also envisaged that product collected fi-om the periphery of a support element 
15 may be recycled as feed for that support element. This is usefiil for processes 
requiring an extended contact time for the reactants. The product may be fully or 
only partieilly recycled, depending on requirements. 

Reference herein to a rotating surface is to any continuous or discrete planar or three 
20 dimensional surface or assembly which rotates approximately or truly about an axis, 
and preferably is reference to an approximate or true rotating surface of revolution. 
An approximate rotating surface of revolution may comprise an asymmetric axis 
and/or deviation in the surface body and/or circumference creating an axially or 
radially undulating surface of revolution. A discrete surface may be in the form of a 
25 mesh, grid, corrugated surface and the like. 

Reference herein to a substantially radially outward flowing film as hereinbefore 
defined is to any fluid film which may be created by dynamic contact of the fluid 
phase reactant and the rotating surface as hereinbefore defined, suitably the fluid 
30 phase reactant is contacted with the rotating surface at any one or more stirface 
locations and caused to flow outwardly by the action of centrifijgal force. A film 
may be a continuous annulus or may be a non-continuous arc at any radial location. 
The substrate may provide a plurality of films in dynamic contact with a rotating 
surface as hereinbefore defined. 

35 

For example processes requiring extended contact time may be carried out in 
continuous manner with use of a recycle of fluid exiting at the periphery of the 

8 
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supplied to a region within the innermost wail on one of the support elements. Upon 
rotation of the support elements, the reactant will tend to move along an interior 
surface of the divergent wall towards a region within the next wall on the opposed 
support element, and thence . onto an interior surface of the said next wall back 
5 towards the first support element. The reactant may continue to move back and forth 
between the support members so as to progress in a zig-zag manner in a generally 
radial direction away fi-om the axis of rotation along the interior surfaces of the 
intermeshed walls towards an outer collection point as described above. In this way, 
a compact reactor with a high first surface area is achieved, the first surface 
10 consisting of the interior surfaces of all the concentric walls. The support elements 
may rotate together in a given direction, or may rotate at different speeds in the same 
direction, or may rotate at the same speed or at different . speeds in opposed 
directions. 

A rotating surface of any shape and surface formation as hereinbefore defined may be 
provided with surface features which serve to promote the desired process. For 
example, the surface may be micro or macro profiled, micro or macro porous, non 
stick, for example may have a release coating, may be continuous or discontinuous 
and may comprise elements such as mesh, for example woven mesh, reticulate foam, 
pellets, cloth, pins or wires, for enhanced surface area, enhanced or reduced flection 
effect, enhmced or reduced laminar flow, shear mixing of recirculation flow in axial 
direction and the like. 

In one preferred embodiment, mixing characteristics of the rotating surface are 
25 enhanced by the above features or the like provided on or in the rotating surface. 
These may be provided in any suitable regular or random arrangement of grids, 
concentric rings, spider web or like patterns which may be suitable for a given 
application. 

30 Alternatively or additionally to any other surface feature, radially spaced pins in the 
form of circles or segments of circles may be provided. 

In another preferred embodiment, a porous surface coating is provided, which aids 
processing of certain reactants. Such a coating may be provided in combination with 
35 any other of the aforementioned surface features. 
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Surface features in the form of grooves may be concentric or may be of any desired 
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CLAIMS: 

1. A reactor apparatus including a support element adapted to be rotatable about 
an axis, the support element having generally opposed first and second surfaces, feed 
5 means for supplying at least one reactant to the first surface of the support element 
and collector means for collecting product fi-om the first surface of the support 
element, characterised in that the first surface includes a trough into which the at 
least one reactant is supplied by the feed means. 

10 2. A reactor as claimed in claim 1, wherein the axis is substantially parallel to a 
direction of action of terrestrial gravity, 

3. A reactor as claimed in claim 1, wherein the axis is inclined with respect to a 
direction of action of terrestrial gravity. 

15 

4. A reactor as claimed in claim 1 or 3, wherein the axis is substantially 
perpendicular to a direction of action of terrestrial gravity. 

5. A reactor as claimed in any preceding claim, wherein the trough is centrally 
20 located in the region of the axis. 

6. A reactor as claimed in any preceding claim, wherein the trough is in the form 
of an aimulus. 

25 7. A reactor as claimed in any preceding claim, wherein the trough is centred 
about the axis. 

8. A reactor as claimed in any one of claims 1 to 6, wherein the trough is not 
centred on the axis. 

30 

9. A reactor as claimed in any preceding claim, wherein the trough is imdercut. 

10. A reactor as claimed in any preceding claim, wherein a plurality of troughs is 
provided in the first surface. 

35 

11. A reactor as claimed in claim 1 0, wherein each trough has associated with it a 
feed means. 

18 
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12. A reactor as claimed in any preceding claim, wherein the trough is provided 
with a matrix which serves to assist reactant in the trough to rotate with the support 
element when this is rotated. 

5 

13. A reactor as claimed in claim 12, wherein the matrix comprises a fibrous 
mesh. 

14. A reactor as claimed in claim 13, wherein the fibrous mesh is made of a 
10 metallic material. 

15. A reactor as claimed in claim 13 or 14, wherein the fibrous mesh includes a 
catalytic material. 

15 16. A reactor as claimed in any preceding claim, wherein the collector means 
includes a receptacle in the form of a bowl or trough at least partially surrounding the 
support element. 

17. A reactor as claimed in any preceding claim, wherein the collector means 
20 includes a deflector positioned about a periphery of the support element, against 

which product is thrown from an edge region of the first surface when the support 
element is rotating at an appropriate speed. 

18. A reactor as claimed in any preceding claim, wherein the collector means is 
25 coated or otherwise provided wdth a catalytic material, 

19. A reactor as claimed in any preceding claim, wherein the collector means 
includes means for heating or cooling product in the collector means to a 
predetermined temperature. 

30 

20. A reactor as claimed in any preceding claim, wherein the collector means is 
provided with feed means for adding a reactant to product collected therein. 

21. A reactor as claimed in any preceding claim, wherein the collector means 
35 comprises a wall disposed on a periphery of the support element and extending firom 

the first surface. 
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22. A reactor as claimed in claim 21, wherein the collector means further 
comprises a pitot tube which extends close to the first stirface in the region of the 
wall and which serves to remove product from this region when the support element 
is rotated. 

5 

23. A reactor as claimed in any preceding claim, wherein the collector means is 
adapted at least partially to recycle collected product to the trough as feed reactant. 

23. A reactor as claimed in any preceding claim, wherein the trough is coated or 
10 otherwise provided with a catalytic material. 

24. A reactor as claimed in any preceding claim, including a plurality of support 
elements. 

15 25. A reactor as claimed in claim 24, wherein the plurality of support elements is 
mounted on a single axis of rotation. 

26. A reactor as claimed in claim 24, wherein the plurality of support elements is 
mounted on a plurality of axes of rotation. 

20 

27. A reactor as claimed in any one of claims 24 to 26, wherein product collected 
from a first support member is used as feed for a second support member. 

28. A reactor as claimed in any one of claims 24 to 26, wherein feed means 
25 connected in parallel are used to supply reactant to each support element and in 

which collector means coimected in parallel are used to collect product from each 
support element. 

29. A reactor as claimed in claim 27, wherein a processing unit is provided 
30 between the collector means of the first support member and the feed means of the 

second support member. 

30. A reactor as claimed in claim 29, wherein the processing means is a pump, an 
extruder, a heater or a heat exchanger. 

35 

31. A reactor as claimed in any preceding claim, wherein the feed means includes 
means for applying electromagnetic radiation or energy to the reactant. 

20 
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32. A reactor as claimed in any preceding claim, further including means for 
applying vibration to the support member. 

5 33. A reactor as claimed in any preceding claim, wherein there is further provided 
a rotary impeller or fan mounted close to the first surface and operable to generate a 
gaseous flow from a periphery of the surface towards a central region thereof, this 
flow being counter-current to a flow of reactant on the first surface. 
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HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


bieland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


C6tc d'lvoine 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Genmany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







